The massive even-parity non-Abelian gauge model in three space-time dimensions proposed by Jackiw and Pi is studied at the tree-level. The propagators are computed and the spectrum consistency is analyzed, besides, the symmetries of the model are collected and established through BRS invariance and Slavnov-Taylor identity. In the Landau gauge, thanks to the antighost equations and the Slavnov-Taylor identity, two rigid symmetries are identified by means of Ward identities. It is presented here a promising path for perturbatively quantization of the Jackiw-Pi model and a hint concerning its possible quantum scale invariance is also pointed out.
II. THE MODEL AND ITS SYMMETRIES

A. The model
The classical action of the Jackiw-Pi model [3] is given by:
such that,
where A µ and φ µ are vector fields, ρ is a scalar, g is a coupling constant and m a mass parameter, also, • means any field. The Lie group is a simple compact, so that every field, X = X a τ a , is Lie algebra valued, with the matrices τ being the generators of the group in the adjoint representation and obey 
B. Gauge symmetries
The action (1) is invariant under two sets of gauge transformations, δ θ and δ χ :
, θ] and δ θ ρ = g[ρ, θ] ; (4) δ χ A µ = 0 , δ χ φ µ = D µ χ and δ χ ρ = −χ ,
where θ and χ are Lie algebra valued infinitesimal local parameters.
C. BRS symmetry
The corresponding BRS transformations of the fields A µ , φ µ and ρ, stemming from the symmetries (4) and (5) , are given by 1 : 
where c and ξ are the Faddeev-Popov ghosts, with Faddeev-Popov charge (ghost number) one. The ghost number (ΦΠ) of all fields and antifields are collected in Table II D. The gauge-fixing and the antifields action
The gauge-fixing adopted here belongs to the class of the linear covariant gauges discussed by 't Hooft [11] . In order to implement the gauge-fixing following the BRS procedure [12] , we introduce two sorts of ghosts (c and ξ), antighosts (c andξ) and the Lautrup-Nakanishi fields [13] (b and π), playing the role of Lagrange multiplier fields for the gauge condition, such that sc = b , sb = 0 ; (7) sξ = π , sπ = 0 ; (8) where the multiplier fields, b and π, and the Faddeev-Popov antighosts,c andξ, with ghost number minus one, belong to the BRS-doublets (7) and (8).
1 The commutators among the fields are assumed to be graded, namely, [ϕ
where the upper indices, g 1 and g 2 , are the Faddeev-Popov charges (ΦΠ) carried by the fields ϕ Now, by adopting the gauge conditions
it follows that the BRS-trivial gauge-fixing action compatible with then reads
Let us now introduce the action in which the nonlinear BRS transformations are coupled to the antifields (BRS invariant external fields), so as to control, at the quantum level, the renormalization of those transformations:
where, as mentioned above, the antifields are BRS invariant, namely,
The total action at the tree level for the Jackiw-Pi model, Γ (0) , is therefore given by:
which is invariant under the BRS transformations given by the equations (6), (7), (8) and (13) . The action (14) preserves the ghost number. The values of the ghost number, the ultraviolet (UV) and the infrared (IR) dimensions (respected to the Landau gauge) are displayed in Table II -all subtleties concerning the determination of the UV and the IR dimensions of the fields, in the Landau gauge, is presented in the next section. The statistics is defined as follows: the fields of integer spin and odd ghost number as well as the fields of half integer spin and even ghost number are anticommuting; the other fields commute with the formers and among themselves. An interesting feature of the Jackiw-Pi action Γ (0) (14) is that it is not BRS local invariant thanks to the parity-even mass term:
since
then
which is invariant only up to a total derivative, possibly indicating that at the quantum level the β-function associated to the mass parameter m vanishes [14, 15] .
III. SPECTRAL ANALYSIS
In quantum field theory, unitarity and causality are essential physical requirements. Unitarity (of the S-matrix) reflects the fundamental principle of probability conservation -meaning the absence of negative-norm 1-particle states in the spectrum. Even though we have to introduce in certain instances the artificial device of an indefinite metric in Hilbert space, the physical quantities always refer to positive-norm states, preserved through the time evolution. Causality principle establishes a time correlation among the cause and its subsequent effect, requiring that the change in the interaction law in any space-time region can influence the evolution of the system only at subsequent times.
A. The propagators
The propagators are the key ingredient to the analysis of the spectral consistency and the unitarity at the tree-level of the model, as well as in the determination of the ultraviolet (d) and infrared (r) dimensions of the fields.
By switching off the coupling constant g we get the free part of the action, Σ inv + Σ gf , as follows:
where, by means of the operators:
that fulfil the algebra displayed in Table I , the free action Σ free (18) can be written as:
The generating functional for the connected Green functions (Z c [J]) is defined by means of the vertex functional (Γ (0) ) through the Legendre transformation [16] :
where
The tree-level propagators for all the fields:
are then computed, through the use of Eq.(22), as follows: It should be noticed that the functional derivatives satisfy the following property:
where the upper indices, g 1 and g 2 , are the Faddeev-Popov charges (ΦΠ) carried by the fields or currents, X . From the equations of motion we get,
where by solving these equations of motion (26) so as to express,
, and adopting the algebra fulfilled by the operators Θ µν , Ω µν and Σ µν displayed in Table I , it is found that:
Now, by substituting the fields solutions, presented above in Eq.(27), into those ones in Eq.(24), the tree-level propagators are given by:
where, assuming
the propagators in momenta space read:
B. Unitarity and causality
We will now discuss the spectrum and tree-level unitarity of the model. By coupling the propagators to external currents,
), compatible with the symmetries of the model, and then taking the imaginary part of the residues of the current-current amplitudes, A ΦiΦj , at the poles, we can probe the necessary conditions for unitarity (positive imaginary part of the residues of the transition amplitudes, ℑRes A ΦiΦj > 0, as a consequence of the S-matrix be unitary) at the tree-level and count the degrees of freedom described by the fields, Φ
. The current-current transition amplitudes in momentum space are written as: 
fulfilling the current conservation conditions:
and ε µ = (0, ε) are linearly independent vectors satisfying the constraints:
such that for a massive pole, k µ k µ =k µk µ = m 2 , and for a massless one, k µ k µ =k µk µ = 0. In the massive case (k 2 = m 2 ), the momentum can be chosen as k µ = (m, 0), and by the current conservation conditions (38), the currents J aµ A and J aµ φ are given by:
On the other hand, in the massless case (k 2 = 0), the momentum chosen as k µ = (m, 0, m) together with the current conservation conditions (38) fix the currents J 
The current-current amplitudes for the vector fields A a µ and φ a µ are given by:
A Aφ = J * aµ
where use has been made of the current conservation conditions (38). Analyzing the amplitudes above, it can be verified that the amplitudes A AA (42) and A φφ (43) have single massive poles at k 2 = m 2 , whereas the amplitude A Aφ (44) has two poles, a massive and a massless, at k 2 = m 2 and k 2 = 0, respectively. Bearing in mind the currents J aµ A and J aµ φ calculated at the poles k 2 = m 2 (40) and k 2 = 0 (41), the residues of the current-current amplitudes A AA , A φφ and A Aφ evaluated at their respective poles give rise to:
Therefore, by considering the imaginary part of the residues (ℑRes) at the poles, we get:
then, it can be concluded from (48) and (49) Let us now analize the propagators related to the fields b a , π a , c a ,c a , ξ a andξ a , given by Eqs. (33)- (35). The current-current amplitudes read:
where the current conservation conditions (38) were applied in (51) and (52). Through the amplitudes displayed above, by considering their imaginary parts of the residues at the massless pole k 2 = 0:
it shows that there are no massless modes propagating in the Lautrup-Nakanishi fields sector (55), nevertheless, from (56) we see that the massless propagating (negative norm state) Faddeev-Popov ghosts (antighots) c a and ξ a (c a and ξ a ) carry, each of them, N 2 − 1 degrees of freedom -taking care of the N 2 − 1 spurious degrees of freedom stemming from the longitudinal sector of each vector field, A a µ (30) and φ a µ (31). From the results presented above, it can be concluded that the Jackiw-Pi model is free from tachyons and ghosts at the classical level. Nevertheless, to have full control of the unitarity at tree-level, it is still necessary to study the behaviour of the scattering cross sections in the limit of high center of mass energies, by analizing the Froissart-Martin bound [17, 18] .
C. Ultraviolet and infrared dimensions
In order to establish the ultraviolet (UV) and infrared (IR) dimensions of any field, X and Y , we make use of the UV and IR asymptotical behaviour of their propagator, ∆ XY (k), d XY and r XY , respectively:
where the upper degree deg k gives the asymptotic power for k → ∞ whereas the lower degree deg k gives the asymptotic power for k → 0. The UV (d) and IR (r) dimensions of the fields, X and Y , are chosen to fulfill the following inequalities:
Since the Landau gauge shall be adopted later, the UV and IR dimensions of all the fields are fixed assuming α = β = 0. In order to fix the UV and IR dimensions of the vector fields A µ and φ µ , use has been made of the propagators, (30), (31) and (32), together with the conditions (58), and the following conditions stem from:
From the propagators (33) and the conditions, (58), (59) and (60), we can fix the UV and IR dimensions of the Lautrup-Nakanishi fields, b and π, as follows:
The dimensions (UV and IR) of the Faddeev-Popov ghosts (c and ξ) and antighosts (c andξ) are fixed, by considering the propagotors (35), such that:
Also, assuming that the BRS operator s (6) is dimensionless and bearing in mind that the coupling constant g has dimension (mass) 1 2 , we get the following results for the ghosts, antighosts and ρ field:
Finally, through the action of the antifields (12) , and the UV and IR dimensions of the fields fixed previously, it follows that
, r c * = 7 2 and r ξ * = 7 2 .
In summary, the UV and IR dimensions, d and r respectively, the ghost numbers, ΦΠ, of all fields are collected in Table II .
IV. SLAVNOV-TAYLOR IDENTITY, GHOST AND ANTIGHOST EQUATIONS AND WARD IDENTITIES
This subsection is devoted to establish the Slavnov-Taylor identity, ghost and antighost equations, and two hidden rigid symmetries. The BRS invariance of the action Γ (0) (14) is expressed through the Slavnov-Taylor identity
which translates, in a functional way, the invariance of the classical model under the BRS symmetry. It is suitable to define, for later use, the linearized Slavnov-Taylor (S Γ (0) ) operator as below 
A. Operatorial algebra
All operators introduced previously satisfy the following off-shell algebra for any functional K with even FaddeevPopov charge:
1. Slavnov-Taylor operator identities:
2. Other identities:
where P µ is the Ward operator associated to translations:
and ϕ are all the fields contained in the action (14) . The first group of identities involving the Slavnov-Taylor operator given by (82) are those which yield the conditions (the well-known Wess-Zumino consistency condition is one of them) to be satisfied by the quantum breaking of the Slavnov-Taylor identity (69) allowed by the Quantum Action Principle [10] .
V. CONCLUSIONS
The Jackiw-Pi model which generates a mass gap preserving parity in three space-time dimensions was presented here. The BRS symmetry of the model was established and all the difficulties found out in the literature concerning the gauge-fixing were by-passed. At the tree-level the propagators were computed, the spectrum consistency (causality and unitarity) has been verified and we conclude that the Jackiw-Pi model are free from tachyons and ghosts. By the asymptotical behaviour of the propagators together with the BRS transformations, the ultraviolet and infrared dimensions of all the fields were fixed. Also, BRS invariance and Slavnov-Taylor identity together with the antighost equations, in the Landau gauge, allowed to find out two rigid symmetries, moreover, the operatorial algebra which defines the model has been presented. An important issue to notice is that, as we have shown, the Jackiw-Pi evenparity mass term is BRS invariant up to a total derivative, i.e., it is not local BRS invariant. Therefore, it could be conjectured that, at the quantum level, the β-function associated to the mass parameter m, β m , should be zero, β m = 0 [14, 15] . Moreover, this fact would indicate the perturbatively ultraviolet finiteness of the Jackiw-Pi model, which is now under investigation [9] in the framework of the algebraic renormalization scheme.
